The study deals with stability and dynamic problems in bar structures using a probabilistic approach. Structural design parameters are defined as deterministic values and also as random variables, which are not correlated.
INTRODUCTION
The probabilistic finite element methods for analysis of structures have become of increasing interest in recent years. In early applications of reliability analysis methods, it was accepted that the limit state function is an explicit function of random variables. Such functional dependency can be realized only for very simple examples. In practical realizations, this dependence is not explicit and it is determined using numerical procedure, e.g. the finite element methods.
This article aims to present the communication between the STAND reliability analysis program and the KRATA [7] was developed by the present author and MES3D [11] was made by Szaniec ( Fig. 1) . The STAND program was developed at the Institute of Fundamental Technological
Research of the Polish Academy of Sciences by Knabel, Kolanek, Nguyen Hoang, Stocki and Tauzowski, Lasota [4] , [10] . The first step of the reliability analysis task using STAND is a definition of the stochastic model.
The user must provide marginal distributions of the basic random variables, for correlated variables, their correlation matrix (in STAND, an approximation joint probability density function is built by means of the so-called Nataf model [5] ). At this step, definitions of the so-called external variables, which are outputs of finite element method programs, can also be introduced. Basic random variables are not correlated. After defining the variables, the limit state function is defined. In the paper, the condition of non-exceeding admissible load multiplier and condition of non-exceeding the admissible vertical displacement are considered as the limit state functions.
The consecutive steps are dedicated to the selection, parameter setting and execution of the reliability analysis algorithm. The most computationally efficient methods for failure probability estimation are based on an approximation of the failure domain in the standard normal space. In FORM the failure domain is approximated by the half space that is defined using the limit state surface linearized in the so-called design point. In the standard normal space, the design point is the point on the limit state surface which is closest to the origin. Finding a design point is a task for non-linear programming with limitations. There are two standard, gradient based algorithms for solving this problem implemented in STAND. These are the Abdo-Rackwitz-Fiessler [1] algorithm, and the improved Hasofer-Lind-Rackwitz-Fiessler [6] algorithm.
PROBABILISTIC METHODS IN THE STABILITY ANALYSIS OF LAMELLA

DOME
The first part of present study considers the problems of stability and reliability of truss structures subjected to considerable displacements and susceptible to stability loss from the condition of node snapping. Stability analysis of structure is done by means of the finite element method.
The FORM method was applied to the reliability analysis for the node snapping in the Lamella dome (Fig. 2) . The structure was designed of tubular sections RO180x8. The elements were made of S355NH steel with the yield point fy=355 MPa and the modulus of elasticity E=210 GPa.
Conditions support defined as: a simply supported at nodes 32-61 and columns in nodes 2, 4, 6, 8, 10, 12, 16, 20, 24, 28 (Fig. 2) . The assumption that the moment of the node snapping will never be preceded by the buckling of individual bars of the structure was also validated. Identification of the proper way of stability loss is the starting point for the selection of appropriate limit state function in reliability analysis. In connection with the above, the load bearing condition due to buckling behaviour for the most straining rod at the time of the node snapping (bar between nodes 1 and 7) was checked.
Computational data: steel grade S355NH, yield strength fy = 355 N/mm 2 for t ≤ 40 mm, elasticity modulus E = 210000 N/mm 2 , coefficients: γM0 = 1, γM1 = 1, the cross-section RO 180x8 was taken for which: external diameter d = 180 mm, wall thickness t = 8mm, cross sectional area A = 43.21 cm 2 , moment of inertia J = 1601.23 cm 4 , buckling length of the rod LCR = 5098 mm, computational axial force in the bar at the time of node snapping NEd = 767 kN.
Class of section in compression was checked: 
O
For the circular profiles of S355NH steel, for curve "a" (Table 6 .2 in accordance with [3] ), the imperfection parameter α = 0.21 ( The buckling carrying capacity condition due to buckling is met, therefore it can be concluded that the stability loss occurs through the node snapping. At the instant of construction buckling works in the elastic area was also examined. The value of critical stress (limit of proportionality) and the corresponding of the limit of slenderness ratio was 
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Using the method of constant arc length [8] , [9] and the method of the current stiffness parameter [2] , the equilibrium path, and consequently, coordinates of the limit point: q = 10.02 cm, μ = 17.95 were determined. On the basis of these coordinates, the limit function as the condition of the non-exceeding of the admissible vertical load multiplier of node 1 was formulated: g1(X) = 1 -μ(X)/17.95.
In the reliability analysis of the truss structure shown in Fig. 2 , the following variables are used:
X1 -load of node 1 P = 10μ, X2 -axial stiffness EA, X3 -coordinate Z of node 1. Random variables are not correlated. Description of the random variables is shown in Table 1 . Changing the value of the current stiffness parameter CSP, while approaching to the limit point, is shown in Fig. 3a and equilibrium path is presented in Fig. 3b . Exemplary results are shown in Fig. 5 in which the computational model was described by one random variable "P" (Fig. 5a .), and two random variables "P" and "EA" (Fig. 5b. ). The timescale of computations, which is related to number of calls of the limit function, should also be taken into account (Table 2) . 
The effect of reliability analysis method on the value of the reliability index for the computational model described by a) the random variable P, b) the random variables P and EA.
PROBABILISTIC METHODS IN DYNAMIC ANALYSIS OF STEEL FRAME
The second part of present study deals with the problems of probabilistic methods of dynamic analysis performed for a steel industrial building located in Poland. Its basic supporting structure consisted of steel frames with rigid nodes in the ridge line, column-to-foundation connections and beam-to-column connections (Fig. 6 ). The frequency of the exciting force and lengths of columns and girt were assumed to be deterministic quantities. Limit functions as the condition of the non-exceeding of the admissible vertical displacement of node in the middle of the girt span was formulated:
where qdop=L/250 denotes permissible displacement in accordance with [4] . For the structure under consideration, value qdop= 0.096 m.
The values of the Hasofer-Lind reliability index were determined with the FORM method, and for the sake of comparison, with simulation methods, i.e. Monte Carlo and Importance Sampling. The STAND software was used. The results are presented in Table 4 . Relative error of the Hasofer-Lind reliability index was estimated assuming that the reference is the Monte Carlo method (Table 5 ). The reliability analysis performed with the STAND software also provides information on the number of limit state function calls, and thus, on the time necessary to estimate the reliability index (Table 6 ). In addition, the graph that shows the sensitivity of the reliability index to random variables was plotted (Fig. 7) . In the sensitivity analysis (Fig. 7) the variable with the higher absolute value has the greater impact on the reliability index value. Also the random variables which the absolute value is small in comparison with others variables can be treated as a deterministic values. Fig. 7 . Sensitivity of the reliability index β to random variables. 
CONCLUSIONS
Using the methods of reliability analysis, moving along the equilibrium path of structure, we can determine reliability index and hence the level of failure probability when we approach to the limit point. Our considerations conclude with The second part of present study considers the problems of probabilistic methods in dynamic analysis. Accounting for a larger number of random variables considerably reduces the reliability index value (Table 4 ) but makes it possible to give a more accurate evaluation of a structure safety.
The relative error in the reliability index was estimated for individual methods at the assumption that the Monte Carlo (where sample size is 10000) served as the reference method. In dynamic analysis the highest relative error is 3.5% for "B" cases of random variables vector.
Another important component of the study was to investigate the sensitivity of the reliability index to changes in probabilistic characteristics of the random variables under consideration. After analysing the results obtained for Example 2 it can be seen that the sensitivity of the reliability index is the highest for the random variable X6 which describes the elastic modulus for S235JR. It is the lowest for the random variable X2 (permanent load from the cladding self-weight from 1m of the curtain wall), X3 (permanent load from a fragment of the roof and wall at the eave reduced to a focused force acting on the structure column) and X5 (variable load from a fragment of the roof and wall at the eave reduced to a focused force acting on the structure column). Knowing this sensitivity is crucial for better understanding the structure performance. If the reliability index sensitivity due to the random variable Xi is low when compared with other variables, it can be stated that the impact of this variable on failure probability is small, and in successive computations it can be treated as a deterministic parameter.
The analysis of the results demonstrates that the FORM method is good enough and much simpler to apply. The timescale of computations, which is related to number of calls of the limit function, should also be taken into account. As regards the results in Tables 2 and 6 indicates that the FORM method allows obtaining a quick response, which makes it possible to use the method in engineering practice as one of the modules of computational software that support structure design.
So we assume that the FORM method is sufficiently precise and authoritative research method.
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Fig. 1. Scheme of communication between STAND software and external FE programs.
Rys. 1. Schemat współdziałania programu STAND z zewnętrznymi modułami metody elementów skończonych. Fig. 2 . The mesh elements and geometry of truss structure.
Rys. 2. Elementy siatki i geometria konstrukcji kratownicy. Rys. 4. Wpływ opisu modelu obliczeniowego na wartość wskaźnika niezawodności. Fig. 5 . The effect of reliability analysis method on the value of the reliability index for the computational model described by: a) the random variable P, b) the random variables P and EA.
Rys. 5. Wpływ metody analizy niezawodności na wartość wskaźnika niezawodności dla modelu obliczeniowego opisanego przez: a) zmienną losową P, b) zmienne losowe P i EA. Rys. 6. Konstrukcja nośna stalowej hali przemysłowej poddana obciążeniom dynamicznym. Kolejny etap analizy polegał na zastosowaniu metody stałej długości łuku oraz metody skalarnego parametru sztywności do wyznaczenia ścieżki równowagi, a w konsekwencji, współrzędnych punktu granicznego: przemieszczenia pionowego węzła numer 1 "q" oraz mnożnika obciążenia "μ". Na podstawie współrzędnych, dla rozwiązania geometrycznie nieliniowego, sformułowano postać funkcji granicznej jako warunek nieprzekroczenia dopuszczalnego mnożnika obciążenia węzła numer 1. Na tym etapie obliczeń posłużono się modułem metody elementów skończonych KRATA. W analizie niezawodności zdefiniowano następujące zmienne losowe: X 1 -obciążenie siłą "P" węzła numer 1, X 2 -sztywność osiowa "EA" oraz X 3 -współrzędna "Z" węzła numer 1. Zmienne losowe nie były skorelowane. Sporządzono wykresy prezentujące: zbliżanie się do punktu granicznego poprzez zmianę wartości skalarnego parametru sztywności, ścieżkę równowagi oraz wpływ zmian wartości wskaźnika niezawodności
Hasofer-Linda dla różnych opisów modelu obliczeniowego. Decydującym czynnikiem wpływającym na wartość wskaźnika niezawodności jest wprowadzenie w opisie modelu obliczeniowego zmiennej losowej opisującej współrzędną "Z" węzła numer 1. Poprawność obliczeń wykonanych za pomocą metody FORM zweryfikowano poprzez porównanie z wartościami wskaźnika niezawodności obliczonego metodą Monte Carlo. Przykładowe zestawienie przedstawiono dla modeli obliczeniowych opisanych przez jedną zmienną "P" oraz przez dwie zmienne losowe: "P" W analizie stateczności i dynamiki możemy zauważyć, że większa liczba zmiennych losowych wydłuża czas obliczeń, ale jednocześnie taki sposób formułowania problemu pozwala na dokładniejszą i bardziej wiarygodną ocenę bezpieczeństwa konstrukcji. Niewielki błąd względny wyznaczenia wskaźnika niezawodności oszacowany dla poszczególnych metod przy założeniu, że metodą odniesienia jest metoda Monte Carlo, prowadzi do wniosku, że metoda FORM jest wystarczająco dokładna i jednocześnie prostsza w zastosowaniu.
